Background Displaced femoral neck fractures usually are treated with hemiarthroplasty. However, the degree to which the design of the implant used (cemented or uncemented) affects the outcome is not known and may be therapeutically important. Questions/purposes In this randomized controlled trial, we sought to compare cemented with cementless fixation in bipolar hemiarthroplasties at 5 years in terms of (1) Harris hip scores; (2) femoral fractures; (3) overall health outcomes using the Barthel Index and EQ-5D scores; and (4) complications, reoperations, and mortality since our earlier report on this cohort at 1-year followup. Methods We present followup at a median of 5 years after surgery (range, 56-65 months) from a randomized trial comparing a cemented hemiarthroplasty (112 hips) with an uncemented, hydroxyapatite-coated hemiarthroplasty (108 hips), both with a bipolar head. Results were previously reported at 1-year followup. Harris hip scores, Barthel Index, and EQ-5D scores were assessed by one research nurse and one orthopaedic surgeon. Complications and reoperations were determined by chart review and radiographs examined by three orthopaedic surgeons. Sixty patients (56%) had died in the cemented group and 63 (60%) in the uncemented group. Respectively, three and two patients (2.7% and 1.9%) were completely lost to followup. Results Harris hip scores at 5 years were higher in the uncemented group than in the cemented group (86.2 versus 76.3; mean difference 9.9; 95% confidence interval [CI], 1.9-17.9). The prevalence of postoperative periprosthetic femoral fractures was 7.4% in the uncemented group and 0.9% in the cemented group (hazard ratio [HR], 9.3; 95% CI, 1.16-74.5). Barthel Index and EQ-5D scores were not different between the groups. Between 1 and 5 years, we found no additional infections or dislocations. The mortality rate was not different between the groups (HR, 1.2; 95% CI, 0.82-1.7).
Introduction
Many types of arthroplasties are used to treat displaced fractures of the femoral neck in the elderly [1] . There is some evidence of inferior short-term results with decreased mobility and pain when using an uncemented implant, but the diversity of implants used in clinical trials represents a problem [19] .
The purpose of this two-center randomized equivalence trial was to compare a hemiarthroplasty using a well-documented cemented femoral stem [7, 12] with a hemiarthroplasty using a well-documented hydroxyapatitecoated proximal press-fit uncemented implant [9, 23, 26] . When we evaluated results of this trial at 1 year, we found comparable outcomes between the two groups for all outcome measures studied [5] , and, specifically, the mean Harris hip score was equivalent between the groups at 3 months and 1 year; the duration of surgery and intraoperative blood loss were less in the uncemented group (Table 1) . Because few studies have followed randomized hip fracture cohorts up to 5 years, there are limited data on late complications and implant longevity.
We therefore called in patients from our earlier randomized trial [5] at a median followup of 5 years to compare cemented with cementless fixation in bipolar hemiarthroplasties in terms of (1) Harris hip scores; (2) femoral fractures; (3) overall health outcomes using the Barthel Index and EQ-5D score; and (4) complications, reoperations, and mortality since our earlier report on this cohort at 1-year followup [5] .
Patients and Methods
This prospective, randomized equivalence trial was performed at two hospitals; results previously were reported at 1 year [5] . One hundred fifty fractures were included at a district hospital and 80 fractures were included at a university hospital from September 2004 to August 2006. Two hundred twenty-three patients (75% women, mean age at fracture 83 years) were randomized. They were followed at 3 and 12 months and now after 5 years. As previously described [5] , patients aged 70 years or older who were admitted to one of the two participating hospitals with a displaced intracapsular femoral neck fracture were eligible for inclusion. Exclusion criteria were being unfit for arthroplasty according to the anesthesiologist on call, previous symptomatic hip pathology such as osteoarthritis, fracture caused by malignant disease, patients with ongoing infectious disease, and patients who were unable to walk before the fracture. Randomization was performed separately for the two hospitals using a computer random number generator with permuted blocks of five. Allocation was undertaken by the surgeon on call using sealed, numbered, opaque envelopes. All patients who were able to Figures are numbers (percentages) of patients unless stated otherwise; * number (n) varies because some information was missing for some patients; mean difference; CI = confidence interval.
provide informed consent did so. Patients who were not able to give their informed consent because of cognitive impairment were included if it was considered to be in their best interest after consultation with their family. The protocol was approved by the regional ethics committee. Sample size calculation was conducted using the equivalence criterion [22] . Sixty hips in each group were required to show that the mean Harris hip score was the same in both groups with a power of 95% assuming a common SD of 15 and that a difference in means of less than 10 points was unimportant using a two-sided alpha set to 0.05. Equivalence would be demonstrated if the entire two-sided 95% confidence interval for the mean difference in Harris hip score between the groups lied within the equivalence margin of À10 to 10 points. To allow for mortality and loss to followup, 230 hips were included.
Of the 402 intracapsular femoral neck fractures admitted to the two hospitals, 247 were eligible for inclusion and 230 fractures in 223 patients were recruited (Fig. 1) . Seven patients were included with both hips; five were included with one hip in each group, one with both hips in the cemented group, and one with both hips in the uncemented group. There were three protocol violations in the cemented group and seven in the uncemented group (Fig. 1) , leaving 112 and 108 hips in the respective groups for the per-protocol analyses.
At 5 years, 61 patients (54%) had died in the cemented group, two (1.9%) withdrew from the trial, and three (2.7%) were completely lost to followup. In the uncemented group, 62 patients (57%) had died, three (2.8%) withdrew from the trial, and two (1.9%) were completely lost to followup. All remaining patients were invited to a followup visit (Fig. 1) . New radiographs were obtained of the patients visiting the outpatient clinic. Those who were unable or unwilling to come were visited in their home or nursing home or interviewed by telephone. Telephone interviews were supplemented with information from health personnel and family members whenever possible. The EQ-5D interviews were not conducted by telephone or for patients with impaired mental function.
At baseline, the groups were similar ( Table 2) . Thirty-six surgeons performed a median of five operations each (range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Patients underwent a bipolar hemiarthroplasty with either a cemented femoral stem (Spectron; Smith & Nephew, Memphis, TN, USA) (Fig. 2) or an uncemented femoral stem (Corail; DePuy/Johnson and Johnson, Leeds, UK) (Fig. 3) . The cemented stem is a straight, collared stem made of a cobalt-chromium alloy. Its proximal one-third is grit-blasted. The distal part is smoother and a centralizer is attached to its tip. The uncemented stem is a grit-blasted titanium alloy stem with a proximal press-fit design entirely plasma sprayed with hydroxyapatite. All patients received the appropriate 28-mm cobalt-chromium head from the same manufacturer as the stem. The same bipolar head was used in both groups (Mobile Cup; DePuy/Johnson and Johnson). Surgery was performed through a posterior approach in all patients with the patient in a lateral decubitus position using spinal anesthesia. A third-generation cementing technique was used for the cemented stems [16] . All patients were given 2 g preoperative intravenous cephalothin and a further three doses the first 16 hours after the operation. All patients received 5000 IU low-molecular-weight heparin subcutaneously daily for at least 7 days. The surgeons on call carried out all the procedures with no changes in the departmental routines connected to the study. Early mobilization was encouraged in all patients with weightbearing as tolerated in both groups.
Hip function was rated with the Harris hip score [6, 10] ranging from 0 to 100 points covering a maximum of 44 points for absence of pain, 47 points for function, and 9 points for ROM and absence of deformity. The primary outcome was the Harris hip score after 5 years. The Barthel Index (BI) was used to rate ability to perform activities of daily living (ADL) [6, 15] . The BI comprises 10 items about basic ADL: feeding, grooming, bathing, dressing, bowel care, bladder care, toilet use, ambulation, transfers, and stairclimbing. The score range of the chosen BI is from 0 to 20. Health-related quality of life was rated by the patient-assessed EQ-5D [4, 6] . We used the EQ-5D index score (range 0 [death] to 1 [best possible health]) as well as the EQ-5D visual analog scale ranging from 0 (worst possible health) to 100 (best possible health) [2] .
Data at a median of 5 years after surgery (range, 56-65 months) were collected from Spring 2009 until Summer 2011. All data were collected by one trained research nurse (MF) and one orthopaedic surgeon (EL). The research personnel were not blinded to the intervention.
To minimize the risk of falsely concluding equivalence, all analyses were conducted on a per-protocol basis; that is, participants not operated on according to the allocated treatment were not included in the analysis [22] . The patients representing protocol deviations at the beginning of the trial were not included in the previous publication [5] (Fig. 1) , and only one of these patients was alive at 5 years. Therefore, we were not able to include an intention-to-treat analysis. For the equivalence analysis, we used the twosided confidence interval approach [22] . We used the twotailed Fisher's exact test for dichotomous variables and t-tests for numerical variables. Levene's test was used to assess the equality of variances between the groups. Where there was a significant difference in variance, or if equivalence was not found, the nonparametric Mann-Whitney U test was used. For mortality and postoperative periprosthetic femoral fractures, we used Kaplan-Meier analyses for survival curves and Cox regression analyses for calculation of hazard ratios (HRs). Given the number of patients analyzed at 5 years and the observed SDs, the power of the equivalence test with a 10-point equivalence margin and a two-sided alpha set to 0.05 was 68% for our main end point, Harris hip score (Table 3) .
Results
At 5 years, the Harris hip score was higher in the uncemented group than in the cementless group (86.2 versus 76.3; mean difference 9.9; 95% confidence interval [CI], 1.9-17.9) (Fig. 4) . Levene's test showed unequal variance between the groups at 5 years (p = 0.040). However, the Mann-Whitney U test still showed a significant difference for Harris hip score in favor of the uncemented group (p = 0.027). This was in contrast to our results at 3 months and 1 year, when they were equivalent between the groups.
There were more postoperative femoral fractures in the uncemented group than in the cemented group. The total number of postoperative femoral fractures was one (0.9%) in the cemented group and eight (7.4%) in the uncemented group (HR, 9.3; 95% CI, 1.16-74.5; p = 0.035) (Fig. 5) . Three of these fractures, all in the uncemented group, occurred after our previous study at 1 year [5] . A total of four patients, all in the uncemented group, had experienced a traumatic periprosthetic fracture that needed surgery.
There were no differences between the groups on the functional outcomes tools at 5 years (Barthel Index and EQ-5D; Table 3 ). There were no differences in ability to walk, use of analgesics, or place of living.
Between 1 and 5 years, we found no additional infections or dislocations, and the 5-year mortality rate was not different between the groups (HR, 1.2; 95% CI, 0.82-1.7; p = 0.38) (Fig. 6 ). Mortality at 5 years was 56% in the cemented group and 60% in the uncemented group. Also, at 5 years, we found one patient in the cemented group with severe acetabular erosion. The total number of reoperations for any reason was seven (6.3%) in the cemented group and 11 (10.2%) in the uncemented group (relative risk, 1.6; 95% CI, 0.66-4.05; p = 0.33).
Discussion
Hemiarthroplasty is the most commonly used treatment for displaced femoral neck fractures in the elderly. Although the number of randomized trials is increasing, there are still problems with diversity of implants that are studied, short followup time, and interpretation of functional results versus reoperation and, maybe most important, rates of subsequent fractures [18, 19, 24] . The aim of this study was to examine whether the uncemented femoral stem used in this trial would perform similarly to the cemented hemiarthroplasty after 5 years. We specifically studied differences in Harris hip scores, femoral fractures, overall health outcomes, complications, reoperations, and mortality. The difference in Harris hip score should be interpreted with caution, because the sample size was low at 5 years. It is conceivable that had even a few patients with lower scores been available for followup, our findings may have been different; we believe, therefore, that our finding that the Harris hip score favored the uncemented group should be interpreted cautiously. Although our primary functional outcome measure, Harris hip score after 5 years, was higher in the uncemented group, we performed a perprotocol analysis in this study; hip scores may not have been higher in an intention-to-treat analysis, particularly if more patients representing crossover protocol deviations were alive and available for followup. Because the original trial was designed to show equivalence and not superiority, the 10 patients representing protocol deviations ( Fig. 1) were not followed and not reported at 1 year [5] and therefore were not included in our followup at 5 years. There were three protocol deviations in the cemented group and seven in the uncemented group (Fig. 1) . If we had planned an intention-to-treat trial from the beginning, one patient in the cemented group would have had an uncemented implant and two would have had an internal fixation. In the uncemented group, four would have had a cemented implant and two would have had an internal fixation. For an intention-to-treat versus per-protocol comparison, we would have to compare an analysis with these patients in their original group for the intention-to-treat analysis with the presented per-protocol analysis. As a result of the high mortality in this small group of nine patients, we do not know if there would be a difference in Harris hip score or not in an intention-totreat analysis. Because the result of the per-protocol analysis is slightly below 10 points and the CI is wide with a lower margin of only 1.9, we believe that it is likely that an intention-to-treat analysis would show that this difference is not statistically significant.
In the most recent Cochrane report on arthroplasties for proximal femoral fractures, the authors conclude that there is reasonable evidence to indicate that cemented prostheses will reduce pain and result in improved mobility. However, they also state that it is possible that these differences may not exist for a hydroxyapatite-coated uncemented prosthesis. They also conclude that trials of older hemiarthroplasties like Thompson and Austin Moore are of less relevance today [19] . In addition, there were methodology issues with several trials regarding concealment of allocation, short followup, and small numbers of patients. Another reported problem was that the level of comparison is questionable, because different types of prostheses were used in the cemented and uncemented groups and may differ in other aspects than the use of cement. The long-term results of the cemented stem used in this trial have been reported to be lower than other cemented stems [3] .
In the previously published report of this trial, we found no difference in complications between the two groups [5] . However, at 5 years, the number of subsequent femoral fractures was higher in the uncemented group. This is consistent with findings from a registry study of over 11,000 patients, which found that uncemented hemiarthroplasties had a 2.1 times increased risk of a reoperation compared with cemented prostheses [8] . This increased risk was mainly caused by revisions for periprosthetic fracture and aseptic loosening. A total of 75.5% of the uncemented femoral stems in this register trial was the same implant as in our trial. The same study reported a higher perioperative mortality rate and perioperative complications in the cemented group, but this reversed with longer observation time [8] . A recent randomized controlled trial comparing an Exeter cemented (Stryker Orthopaedics, Mahwah, NJ, USA) and a Zweymüller uncemented (Centerpulse, Zurich, Switzerland) hemiarthroplasty showed a higher rate in the uncemented group of both intraoperative fractures (7.5% versus 0%) and postoperative fractures (15% versus 1.3%) within 2 years [24] . We found no differences in health-related quality of life (BI and EQ-5D), and there were no differences in ability to walk, use of analgesics, or place of living. This does not support the difference found in Harris hip score and indicates that the most important finding in this trial is the increased risk of femoral fractures in the uncemented group. Also, we do not know of any other trial showing superior clinical results using uncemented hemiarthroplasties for femoral neck fractures.
Few national healthcare systems have issued guidelines for the treatment of hip fractures. The England and Wales National Institute for Health and Clinical Excellence (NICE) published its first guidance on hip fracture 4 The graph shows the mean difference of Harris hip score between the two groups at 3 and 12 months. Error bars indicate 95% CIs. Tinted area indicates zone of equivalence, defined as ± 10 points (D). At 3 months and at 1 year, both CIs lie wholly inside of the zone of equivalence and include zero. This shows that the results in the uncemented group were equivalent but not superior to the cemented group. At 5 years, the CI lies wholly above zero, showing that the results in the uncemented group were superior to the cemented group. Fig. 6 The survival curve with 95% CIs shows the patients with cemented and uncemented hemiarthroplasties with death as the end point. Seven patients were included with both hips and are only included with their first hip in the mortality analysis. management in June 2011, specifically stating that a wellproven femoral stem should be used and that it should be cemented [17, 25] .
The reported risk of cement-related death is low but not negligible [8, 11, 13, 20, 21] . Whereas some uncemented hemiarthroplasties have shown equivalent clinical results as cemented counterparts, an increased risk of subsequent fractures is evident. The risk of periprosthetic fractures may also differ between cemented femoral stems with different designs [14] . Further studies of specific stem designs of both cemented and uncemented hemiarthroplasties are needed.
The uncemented hemiarthroplasty used in this trial may result in higher hip scores but not in higher overall health outcomes using the BI and EQ-5D scores. However, the uncemented hemiarthroplasty appears to carry an unacceptably high risk of later femoral fractures that was not apparent at 1 year. We still recommend performing hemiarthroplasties using femoral stems that have performed well in THAs, but as the evidence favoring the use of cemented stems is increasing as a result of increased fracture risk throughout the lifetime of uncemented prostheses, we recommend using a cemented stem for treatment of displaced femoral neck fractures in patients aged 70 years or older.
